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Description

Background

[0001] The use of mobile nodes to form ad-hoc com-
munication networks provides an efficient and effective
method of exchanging messages between mobile nodes
as well as between a mobile node and stationary or fixed
stations. For example, an ad-hoc communication net-
work of mobile nodes can be used to relay messages to
a fixed station from an originating mobile node that is
beyond the communication range of the fixed station. In
this example, the message is passed from one mobile
node to the next mobile node that is in the direction of
the fixed station until a mobile node is within the commu-
nication range of the destination station. The message
is then passed onto the destination station. The use of
ad-hoc communication networks eliminates the need to
install and maintain significant numbers of fixed stations
so that at least one will be within radio range of every
mobile node traveling through a coverage area. While,
the use of a mobile node-to-mobile node relay system
(ad-hoc communication network) will serve many mobile
nodes, it is impossible to guarantee that every mobile
node will be equipped to set up the ad-hoc communica-
tion network or that there will be a sufficient number of
mobile nodes positioned within the radio range of each
mobile node so that a route can be found for the message
from the originating mobile node seamlessly to the des-
tination station.

[0002] Forthe reasons stated above and for other rea-
sons stated below which will become apparent to those
skilled in the art upon reading and understanding the
present specification, there is a need in the art for an
efficient and cost effective way to fill in gaps in routing
options in an ad-hoc network.

Summary of Invention

[0003] The above-mentioned problems of current sys-
tems are addressed by embodiments of the present in-
vention and will be understood by reading and studying
the following specification. The following summary is
made by way of example and not by way of limitation. It
is merely provided to aid the reader in understanding
some of the aspects of the invention.

[0004] In one embodiment, a method of communicat-
ing mobile node messages is provided. The method com-
prises forming an at-hoc communication network of mo-
bile nodes. Communicating messages between the mo-
bile nodes via the at-hoc communication network using
mobile node-to-mobile node communication signals and
supplementing communication gaps in the ad-hoc com-
munication network with alternative communication sig-
nals.
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Brief Description of the Drawings

[0005] The present invention can be more easily un-
derstood and further advantages and uses thereof more
readily apparent, when considered in view of the detailed
description and the following figures in which:

Figure 1is anillustration of a communication system
of one embodiment of the present invention;

Figure 2, is a block diagram of a mobile node com-
munication system of one embodiment of the present
invention; and

Figure 3 is a message communication flow diagram
of one embodiment of the present invention.

[0006] In accordance with common practice, the vari-
ous described features are not drawn to scale but are
drawn to emphasize specific features relevant to the
present invention. Reference characters denote like el-
ements throughout Figures and text.

Detailed Description

[0007] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof, and in which is shown by way of illustration
specific embodiments in which the inventions may be
practiced. These embodiments are described in suffi-
cient detail to enable those skilled in the art to practice
the invention, and it is to be understood that other em-
bodiments may be utilized and that logical, mechanical
and electrical changes may be made without departing
from the spirit and scope of the present invention. The
following detailed description is, therefore, notto be taken
in a limiting sense, and the scope of the present invention
is defined only by the claims and equivalents thereof.

[0008] Embodiments of the present invention provide
a method of filling gaps in service coverage for an ad-
hoc communication network of mobile node network. Al-
though, the below mobile node-to-mobile node commu-
nication networks are described in relation to aircrafts,
the invention can apply to any type of ad-hoc mobile
node-to-mobile node network. For example, such mo-
bile-mobile node networks could include, but are not lim-
ited to, ground traversing military vehicles and even sol-
dier radio networks. Hence the present invention is not
limited to ad-hoc air-to-air communication networks. In
one embodiment, communication satellites are used to
fill in service coverage for an ad-hoc mobile node-to-mo-
bile node communication network. In aeronautical com-
munication embodiments, the individual strengths be-
tween the two communication systems are complemen-
tary to each other. Ad-hoc air-to-air communication net-
works work well where the aircraft are relatively densely
spaced. Some communication satellite services, howev-
er, have a limitation that they cannot service a large
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number of aircraft in a small geographical region due to
bandwidth limitations and/or are more expensive to use,
which makes them less desirable for aeronautical com-
munications. However, the strengths and limitations of
both the air-to-air network and the communication satel-
lite network align in such a way to make a very cost ef-
fective aeronautical communication network with world
wide coverage in both dense and sparse airspace when
compared to prior art solutions.

[0009] Referring to Figure 1 a communication system
100 of one embodimentis illustrated. The communication
system 100 includes aircraft 102, aircraft 104 (1-N), sat-
ellite 108, satellite ground station 110, and ground station
106. In this example, both aircraft 102 and aircraft 104-1
have messages to be communicated to ground station
106. The communication radio ranges 112 for each air-
craftis alsoillustrated in Figure 1. Communication signals
(mobile node-to-mobile node signals) used for aircraft-
to-aircraft communications (mobile node-to-mobile node
communications) are typically line of sight communica-
tion signals such as but not limited to very high frequency
(VHF) signals. In regards to aircraft 104-1, the associated
message is passed along through aircraft (mobile node)
104-2, 104-3 and 104-N using the air to air communica-
tion signals until it is passed on to the destination node
106 (the ground station 106). As illustrated, the path
through aircrafts 104 (2-N) to ground station 106 is pos-
sible because each aircraft 104 (2-N) is within the radio
range of the aircrafts 104 (2-N) sending the message.
Although, Figure 1 only illustrates the aircraft 104 (1-N)
that pass the message to the ground station, it will be
understood that other aircraft within the radio range could
have been included in an ad-hoc network but only those
aircraft that were included in the routing path are illus-
trated.

[0010] Incontrastto the passing of the message to the
ground station 106 via the air-to-air network of aircraft
104 (1-N), the message generated by aircraft 102 needs
help in reaching the ground station 106 because of a gap
in the coverage. Since, aircraft 102 is not within the air-
to-air communication range (or mobile node-to-mobile
node communication range) of another aircraft in the di-
rection of the ground station 106 or the ground station
itself, an alternative means of communicating the mes-
sage is used. In this example, once aircraft 102 discovers
it cannot pass the message on to the destination node
or another aircraft of an air-to-air communication net-
work, it uses a satellite communication means to pass
the message on to the destination node. Referring to Fig-
ure 1, the message is sent from the mobile node 102 to
a satellite 108. The satellite 108 then sends the message
to a satellite ground station 110 which in turn communi-
cates the message to the destination node 106. In an-
other embodiment, the alternative communication
means is a high frequency (HF) communication network
including a HF transceiver 108 and an HF ground station
110. Still in other embodiments other air/ground (alter-
native) communication methods are used such as VHF

10

15

20

25

30

35

40

45

50

55

consumer (non-aeronautical specific) and any similar
communication network that serves aircraft. Moreover,
it is contemplated that the destination node may not be
a ground station but another aircraft or other type of mo-
bile node.

[0011] Figure 2 illustrates a vehicle communication
system 200 of an aircraft of one embodiment of the
present invention. The vehicle communication system
200 includes a communication management function
(CMF) 210 that controls the communication of the vehicle
communication system 200. In this embodiment, the ve-
hicle communication system 200 includes two transceiv-
ers, a communication transceiver 214 and a satellite (or
HF or VHF or other system) transceiver 250 in commu-
nication with the CMF 210. The communication trans-
ceiver 214 sends and receives signals via antenna 218
and the satellite transceiver 250 sends and receives mes-
sages via antenna 252. The communication transceiver
214 is used to send and receive the air-to-air signals to
other aircraft. The satellite transceiver 250 is used to send
and receive the alternative signals that are used to com-
municate with a satellite HF, VHF or other system. The
vehicle communication system 200 also includes surveil-
lance equipment 201. The surveillance equipment 201
is used to send and receive surveillance information such
as vehicle position and vehicle identification. Aircraft use
the surveillance information for collision avoidance rea-
sons. As illustrated, the surveillance equipment 201 is in
communication with the CMF 210. Moreover, the surveil-
lance equipment 201 sends and receives the surveillance
information via the surveillance transceiver 212 and an-
tenna 216. In one embodiment, the surveillance equip-
ment is used to provide position and identification infor-
mation of other aircraft to the CMF 210, which uses the
position and identification information to discover the to-
pology of the ad-hoc communication network and com-
munication paths through topology. In another embodi-
ment, message exchange with overhead data, on the air-
to-air communication network, relating to position and
identification is exchanged between the aircraft to deter-
mine the topology and communication paths.

[0012] Figure 3illustrates a message flow diagram 300
of one embodiment. This method starts by generating a
message to be sent by an originating aircraft 302 (or orig-
inating node). The originating node then determines if it
is within communication range of the destination node
(304). The communication range is the communication
range for the mobile node-to-mobile node communica-
tion signals. Such signals could include but are not limited
to very high frequency (VHF) signals. If the destination
node is within the communication range (304), the mes-
sage is sent to the destination node (320). If however,
the destination node 320 is not within the communication
range (304), it is determined if a complete path to the
destination node is available via mobile node-to-mobile
node network (306). In embodiments, it is not only deter-
mined that another mobile node is within communication
range but also whether the other mobile node is in the
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general direction of the destination node or a route
through a plurality of mobile nodes can be established in
the general direction of the destination node. If a com-
plete route to the destination is not available (306), the
level of urgency of the message is determined (314).
[0013] In this embodiment, messages that are deter-
mined to not be urgent are held on to until a later time.
However, if a message is determined to be urgent it is
sent right away by the alternative communication means
(or system). In particular, in this embodiment, if the mes-
sage is determined as being urgent (314), the message
is sent via the alternative communication means (316).
The message is then communicated to the destination
via the alternative system (318). If the message is deter-
mined not to be urgent (314), it then determines if a max-
imum wait time for the message was accrued (309). If a
maximum wait time for the message has accrued (309),
the message is sent via the alternate communication
means (316). If a maximum wait time for the message
has not accrued (312), a select amount of time is allowed
to pass without attempting to resend the message (312).
After the select amount of wait time, the process contin-
ues at (304) where it is again determined if the mobile
node is within range of the destination node. Although,
this embodiment only categorizes messages as urgent
and not urgent it is contemplated that various level of
urgency can be assigned to a message with each level
warranting a different response (for example, providing
different waiting periods before transmission based on
the level of urgency). The period of time can be config-
ured for all messages or for each message independent-
ly. In other embodiments, messages are held on to for a
period time for other reasons such as quality of service
reasons, cost of sending the signal, message type, mes-
sage priority, required reliability, required security, ac-
ceptable transit delay and phase of the flight (or mobile
node mission). Regarding the cost example, the mes-
sages may be held on to for a period of time due to costs
associated with using the alternative communication
means. Hence, a message in one embodiment is only
sent to an alternative network if the available alternative
network has an acceptable cost. The mobile node in the
ad-hoc network may wait until another ad-hoc route in
general direction of the destination becomes available or
until a low cost alternative network becomes available.
Moreover, in one embodiment, the message urgency is
a function of the cost, phase of flight, and/or quality of
service. Hence, the present invention is not limited to
systems basing the transmission on acceptable delivery
time, cost of delivery, quality of service or phase of flight
but other factors can be used to determine how a mes-
sage urgency should be handled during periods imple-
menting the alternative communication system.

[0014] Referringbackto Figure 3, whena mobile node-
to-mobile node route to the destination is determined
(306), the message is sent via the mobile node-to-mobile
node network to the destination (310). The mobile node
that receives the message then starts the process over
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at (304) where it determines if it is within the communi-
cation range of the destination node. This process further
continues as indicated in Figure 3, until the message is
received at the destination node.

[0015] The methods and techniques used by the CMF
as described above to communication messages in an
ad-hoc communication network and supplement routing
paths with alternative communication signals are imple-
mented in digital electronic circuitry, or with a program-
mable processor (for example, a special-purpose proc-
essor or a general-purpose processor such as a compu-
ter) firmware, software, or in combinations of them. Ap-
paratus embodying these techniques may include appro-
priate input and output devices, a programmable proc-
essor, and a storage medium tangibly embodying pro-
gram instructions for execution by the programmable
processor. A process embodying these techniques may
be performed by a programmable processor executing
a program of instructions to perform desired functions by
operating on input data and generating appropriate out-
put. The techniques may advantageously be implement-
ed in one or more programs that are executable on a
programmable system including at least one program-
mable processor coupled to receive data and instructions
from, and to transmit data and instructions to, a data stor-
age system, at least one input device, and at least one
outputdevice. Generally, a processor will receive instruc-
tions and data from a read-only memory and/or arandom
access memory. Storage devices suitable for tangibly
embodying computer program instructions and data in-
clude all forms of non-volatile memory, including by way
of example semiconductor memory devices, such as
EPROM, EEPROM, and flash memory devices; magnet-
ic disks such as internal hard disks and removable disks;
magneto-optical disks; and DVD disks. Any of the fore-
going may be supplemented by, or incorporated in, spe-
cially-designed application-specific integrated circuits
(ASICs).

[0016] Although specific embodiments have been il-
lustrated and described herein, it will be appreciated by
those of ordinary skill in the art that any arrangement,
which is calculated to achieve the same purpose, may
be substituted for the specific embodiment shown. This
application is intended to cover any adaptations or vari-
ations of the presentinvention. Therefore, itis manifestly
intended that this invention be limited only by the claims
and the equivalents thereof.

Claims

1. A method of communicating aircraft messages
(300), the method comprising:

forming an ad-hoc communication network of
aircraft (308);

communicating messages between the aircraft
viathe ad-hoc communication network using rel-
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atively short range communication signals
(310); and

supplementing communication gaps in the ad-
hoc communication network with relatively long
range communication signals (316).

The method of claim 1, wherein the relatively long
range communication signals include at least one of
satellite, high frequency (HF) and very high frequen-
cy (VHF) signals.

The method of claim 1, further comprising:

determining actions to be taken relating to the
relatively long range communication signals
based on provided factors (314).

The method of claim 3, wherein the determined ac-
tions include at least one of transmitting the relatively
long range communication signals, not transmitting
the relatively long range communication signals and
waiting for a period of time before transmitting the
relatively long range communication signals.

The method of claim 3, wherein the provided factors
include at least one of urgency of the message, the
quality of service, the cost of service and the class
of the message.

The method of claim 3, wherein the determined ac-
tions comprises:

based on the determined actions, waiting for a
period of time before transmitting the relatively
long range communication signals (312);

once the period of time has passed (312), de-
terminingif another aircraftis within the relatively
shortrange communication signals communica-
tion range (306); and

if another aircraft is within the relatively short
range communication signals, transmitting the
message to another aircraft via the relatively
short range communication signals (310).

The method of claim 1, wherein forming an ad-hoc
network of aircraft further comprises:

discovering the topology of aircraft within the rel-
atively short range communication signals.

The method of claim 7, wherein communicating mes-
sages between the aircraft via the at-hoc communi-
cation network using relatively short range commu-
nication signals further comprises:

determining a route through the topology in the
general direction of a destination node, wherein
the destination node is one of an aircraft and a
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ground station; and
passing a message through the discovered to-
pology based on the determined route (310).

A program product comprising program instructions
embodied on a processor-readable medium for ex-
ecution by a programmable processor (210), where-
in the program instructions are operable to cause
the programmable processor to:

form an ad-hoc communication network (112)
between mobile nodes (104), wherein the com-
munication network is made up of mobile nodes
that are within mobile node-to-mobile node com-
munication range of each other;

determine a path for a message through the ad-
hoc communication network towards a destina-
tion node (106); and

when a gap is encountered in the path to the
destination node through the ad-hoc communi-
cation network of mobile nodes, use an alterna-
tive communication system (108, 110) to sup-
plement the ad-hoc communication network.

10. The program product of claim 9, wherein the program

instructions are further operable to cause the pro-
grammable processor to:

delay the use of the alternative communication
system for a period of time based on predeter-
mined factors.
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